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Abstract. In this study, we used three kinds of fresh livestock manure as raw materials and 10% corn stalks
as a leavening agent for aerobic static composting to investigate variations of total nitrogen (TN), ammonia
nitrogen (AN), total phosphorus (TP), active phosphorus (AP), total potassium (TK), and active potassium
(AK) during the three kinds of livestock and poultry manure composting in China. Results show that the
percentage content of TN presented an increasing trend, and the fractions of AN in TN first rose and then
declined as the composting proceeded in the compost heaps. The fraction of AN in TN for R1, R2, and R3
reached the peak of 7.38, 8.11, and 9.22%, respectively. The fraction of AP in TP for R1, R2, and R3
reached 24.15 + 1.97, 29.33 + 3.34, and 34.33 + 1.58% with the increase of 31.89, 18.26, and 35.53%,
respectively, at the end of composting. The fraction of AK in TK for R1, R2, and R3 reached 49.44 + 2.74,
58.37 £ 2.21, and 64.25 + 3.56% with the increase of 32.44, 35.05, and 45.32%, respectively, at the end of
composting.

Keywords: static composting, materials conversion, ammonia nitrogen content, active phosphorus content,
compost fertility

Introduction

With the development of the livestock industry, waste generated by intensive livestock
farming poses a lot of serious threats to the natural environment and can pollute water,
air, and soil. Taking Lanzhou as an example, with the implementation of the poverty
alleviation policy involving the breeding industry in Lanzhou in recent years, the
development of the local livestock breeding has been accelerated, and the number and
scale of farms have been greatly improved (Zhu et al., 2014; Meng, 2014). With the rapid
development of the livestock industry, the pollution caused by livestock manure to the
environment cannot be ignored. Recycling and harmless treatment of agricultural waste,
such as livestock and poultry manure, will help reduce pollution caused by indiscriminate
discharge of livestock manure. In recent years, with the development of livestock and
poultry breeding and the implementation of national environmental protection policies,
more and more scholars have invested in the research on recovery and reuse of livestock
manure and turning waste into treasure (Zhang et al., 2015; Zhang, 2018; Menkem et al.,
2018). In this study, considering many environmental problems in solid waste treatment
and resource utilization in the livestock and poultry farming in Liaoning Province, we
conducted experiments in a farm near Shenyang Aerospace University, Shenyang,
Liaoning Province to study such problems. A 30-day static aerobic composting
experiment with cow manure, pig manure, and chicken manure as composting raw
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materials and straw as a leavening agent was conducted to analyze variations of total
nitrogen (TN), ammonia nitrogen (AN), total phosphorus (TP), active phosphorus (AP),
total potassium (TK), and active potassium (AK) in different livestock manure
composting aiming at providing a data basis and theoretical basis for the recycling and
reduction of livestock manure compost.

Materials and methods
Experimental material

Three kinds of fresh manure used in the composting experiments with livestock
manures were procured from the breeding farm near Shenyang Aerospace University in
Shenbei New District, Shenyang, Liaoning, China. Corn stalks were cut into pieces of
2-4 cm by the knife mill before use. The information of composting materials is shown
in Table 1.

Table 1. Parameters information of different compost materials

Water Total Total Total Total
Raw materials| content pH carbon | nitrogen | potassium | phosphorus C/N
(%) (%) (%) (K20%) (P205%)
Cattle manure 68.9 7.64 38.32 1.78 1.48 1.45 21.53
Pig manure 73.4 7.35 39.41 1.80 1.58 1.78 21.89
Chicken manure 70.8 7.28 41.15 2.99 1.52 2.98 13.76
Corn stalk 21.5 7.19 54.82 1.04 0.98 0.46 52.71

Experimental apparatus

The self-designed aerobic bioreactor was used in laboratory. The experiment photo
and apparatus of the composting is shown in Figure 1.

Experimental scheme

An aerobic static composting was conducted using the composting materials of three
livestock manures, including cattle manure (R1), pig manure (R2) and chicken manure
(R3). The 30 d composting reaction was conducted with 6 self-designed aerobic
composting boxes among which 2 composing boxes were considered as a group to contain
single type of livestock manure.

In the whole composting process, different parameters like temperature, oxygen
concentration, carbon dioxide concentration, density, etc. were monitored. Besides, the
stink gas produced during the composting process was treated using a bio-filter. The
change in every parameter in the composting process was compared and the changing law
of the pile nutrient (the content of C-N-P-K) in the composing process with different
livestock manures, humus and free humus were mainly analyzed.

Temperature was measured by thermometer. Oxygen concentration was measured by
gas analyzer.
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1. Vent of the composting box 2. Back-ejecta nozzle of leachate 3. Thermometer 4. Composting box 5. Gas outlet of bio-filter 6.
Thermometer 7. Bio-filter 8. Discharge pipe of leachate 9. Grid plate 10. Inlet pipe 11. Flow meter 12. Fan

g N

Figure 1. Experimental photo and apparatus used in the aerobic composting with livestock
manures

Sample collection and preparation
The collection and conservation of the composting sample

The sampling method was the mixing of multiple sites. The same amount of sample
from the upper layer, the middle layer and the lower layer of the composting were
extracted and mixed thoroughly. Fresh composting sample were determined directly or
put into 4°C refrigerator for further determination of indexes such as the water content,
pH, the conductivity (Petrie et al., 2015; Altenburger et al., 2015; Gou et al., 2018).

The preparation of the composting water extracts

Fresh sample which corresponded to 20 g dry sample was sampled and mixed with
distilled water according to the weight ratio of 1:10 between sample and distilled water.
Then it was oscillated for 32 h at the constant temperature of 26°C in the constant
temperature oscillator and centrifuged for 20 min at 2000 rpm. The upper supernatant was
preserved or determined (Wu et al., 2018).

The preparation of air-dried composting sample

A certain amount of the composting sample was put on the clean tray, dried for several
days in the fume hood as well as grinded and filtered by 100 mesh (Liu et al., 2012).
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Analytical methods
Total nitrogen

The TN content in the sample was measured with the Kjeldahl method:

Select a 100 mL Kjeldahl bottle, accurately weigh 0.1 g of dry sample with an
electronic balance, and add about 2 g of mixed catalyst, and transfer 3 mL of concentrated
sulfuric acid with a pipette gun to the reagent bottle under slow shaking in the same
direction, and then seal. Place the Erlenmeyer flask under the receiving tube of the
condenser and insert the nozzle into the boric acid solution. Add 40 mL of 10 mol-L*
sodium hydroxide solution to the distiller and close the distillation chamber for distillation.
When the distillate reaches 30-40 mL, stop the distillation. Then titrate with 0.02 mol-L*
sulfuric acid standard solution until the solution is purple-red (Li et al., 2004; Cai et al.,
2016).

Ammonia nitrogen

The AN content was measured with the Nessler's reagent spectrophotometry method:

First, take 2 mL of the digestive fluid into a 100 mL measuring cylinder and dilute to
100 mL. Filter the diluted sample with a suction filter, and withdraw 50 mL of the clear
solution and then place it in a 50 mL colorimetric tube. Then add in sequence 0.5 mL of
analyzed sodium thiosulfate solution at a concentration of 3.5 g-L?, 0.5 mL of
analytically pure zinc sulfate solution at a concentration of 100 g-L?, 4-5 drops of
analytically pure NaOH solution at a concentration of 2.5 g-L%, and 0.5 mL of analytically
pure potassium sodium tartrate solution at a concentration of 500 g-L? into the
colorimetric tube. After adding NaOH, flocculation and precipitation obviously occur, so
let stand it for 10 minutes and wait for complete flocculation and precipitation. Sodium
thiosulfate addition removes residual chlorine to eliminate interference with Cl- and
results in 0.25 mg removal of residual chlorine per 0.5 mL of the sodium thiosulfate
solution. Take 10 mL of the sample from the lower part of the colorimetric tube with a
pipette gun and place it into a 10 mL colorimetric tube. Wipe water stains on the surface
of the colorimetric tube with lens cleaning paper, and put it into a multifunctional water
quality detector. Measure the absorbance and AN concentration at a wavelength of
420 nm (Zhao, 2005).

Total phosphorus

Take 0.1 g of air-dried sample and screen it with a 0.5 mm sieve, place it into a flask,
and rinse the inner wall of the flask with deionized water to reduce the error caused by a
sample loss. At the same time, add 1.5 mL of NaOH solution (30%) and 5.0 mL of H2SO4
solution to the reagent bottle, shake the reagent bottle slowly for mixing and then let it
stand for 8 hours after mixing well. Add 0.25 mL of distilled water after the bottle is
cooled to room temperature, then heat it again to boiling. Pipette 10 mL of the sample
solution into a 50 mL volumetric flask, add water to 30 mL, and check the color
development. Make a color comparison and absorbance reading with a standard solution
series under the same conditions. Select 7 volumetric flasks with suitable capacity and
put0, 1.0, 2.5,5.0, 7.5, 10.0, 15.0 mL of phosphorus standard solution. Make up to 30 mL
with distilled water, then add 2-3 drops of 2, 4-dinitrophenol solution to each volumetric
flask with a pipette. Adjust with the NaOH solution and H2SO4 solution, and add 10 mL
of ammonium vanadium molybdate reagent when the color of the solution changes to
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yellow, shake slowly and dilute to volume with distilled water. This solution is 1 mL
containing phosphorus (Zhai, 2015; Wang et al., 2016).

Active phosphorus

The measurement of active phosphorus was done with the molybdenum-antimony
anti-colorimetric method using 0.5 mol-L* sodium bicarbonate leachate. In acid soil,
acidic ammonium salt is used to extract the active phosphorus to produce (NH4)3AlFs and
(NHas)3FeFs complexes, while calcium ions generate a calcium fluoride precipitate, and
PO.*> ion is slowly released into the leaching solution (Wang, 2016).

Data analysis

Physicochemical parameters were determined in triplicate. Data were analyzed using
One-way analysis of variance and multiple comparisons using the SPSS 18.0 software
(p=0.05). All data figures were drawn using Origin 8.0. Significant differences in
physicochemical parameter values between treatments and between experimental
procedures were determined using least significance difference (P<0.05) (LSD).

Results and discussion
Variations of TN, AN in the experiments

The organic nitrogen in the aerobic composting experiment goes through the processes
of degradation, concentration, mineralization, and re-fixation, and the microbial flora
converts mineral nitrogen into humus nitrogen through bioconcentration (Hall et al.,
2015). Therefore, organic nitrogen is mainly distributed in different microbial flora and
compost products of different humid levels during the composting process. This study
focused on the changes in the TN and AN contents during the composting of the three
kinds of livestock and poultry manures. Figure 2 shows the changes in TN content during
the composting of livestock and poultry manures. The experimental results showed that
in the initial stage of composting of livestock and poultry manures, the TN content of the
pilesR2>R3>R1was 1.57% +0.11%, 1.41% + 0.08%, and 1.28% + 0.18%, respectively.
As the composting reaction progressed, the percentages of TN in the compost pile of
livestock and poultry manures all showed an upward trend. When the experiments
finished, the TN content in R2 was the highest at 2.25% + 0.18% and that in R3 and R1
was 2.14% £ 0.15% and 1.93% =+ 0.18%, respectively. The demand for organic carbon by
microorganisms was higher than that for organic nitrogen, the general demand ratio being
C:N=25:1. During the process of composting degradation, the degradation rate of organic
carbon was higher than that of organic nitrogen, leading to a lower rate of organic nitrogen
loss during composting compared with that of organic carbon. Therefore, the percentages
of TN in livestock and poultry manures compost piles all showed an upward trend. After
the composting process, the TN content of R1, R2, and R3 compost piles all increased by
50.78%, 43.33%, and 51.77%, respectively. Among them, R3 had the largest increase,
while R2 had the smallest. After composting, the nitrogen element was mainly composed
of organic nitrogen. Nitrogen assimilation and fixation effect were obvious when poultry
manure containing more mineral nitrogen was used for high-temperature composting,
which was conducive to nitrogen storage and fertility retention (Hua et al., 2012; Zhang,
2014).
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Figure 2. Changes in TN content during experiments

Figure 3 represents the change trend in the percentage of AN in TN during the
composting process of livestock and poultry manures. The results showed that during the
30-day composting process, the percentage of AN in TN in the three types of livestock
and poultry manure piles all increased first and then decreased. At the beginning of the
composting reaction (0 days), the percentage of AN in the three manure compost piles of
R1, R2, and R3 was 16.34, 15.28, and 15.97, respectively. After 3 days, AN accounted
for the highest percentage in TN, which was 19.1, 20.08, and 21.14%, respectively. With
the progress in composting, the percentage of AN in TN in the pile showed a downward
trend. When the experiments finished, the percentage of AN in TN became the highest,
being 7.38, 8.11, and 9.22, respectively. Therefore, the percentage of AN in TN in the
three types of livestock and poultry manure piles increased first and then decreased,
mainly because nitrogen in livestock and poultry manures was divided into inorganic and
organic states. Among them, organic nitrogen accounted for a large percentage, but it
could not be stably presented in the manures, and it was easily decomposed into ammonia.
During the 0-3 days of the composting process, the livestock and poultry manures were
rich in proteins, which was decomposed under the action of microorganisms to form
amino acids or amide compounds or to finally form inorganic ammonium salts. Therefore,
the AN content in TN in the three kinds of livestock and poultry manures increased during
the composting process from 0 to 3 days. It showed a downward trend during the
composting process from 4 to 30 days. This was because, as the temperature and the pH
value increased, AN, mainly NHs in the pile, was volatilized, reducing the AN content
(Marhuenda-Egea et al., 2007; Awasthi et al., 2016). TN also dropped rapidly at this stage,
but the decrease in AN was slightly greater than that in TN. Meanwhile, the high-
temperature phase of the compost had passed, and the temperature of the pile had fallen.
At this stage, humification was the primary factor, and mineralization was secondary.
Most of the ammonium nitrogen was absorbed and utilized by the microorganisms and
converted into humic acid nitrogen. On the contrary, with the enhancement of
humification, the conversion of relatively simple acid-decomposed ammonium nitrogen
into relatively complex other acid-decomposed nitrogen and non-acid-decomposed
nitrogen resulted in a reduction in its quantity.
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Figure 3. AN as a percentage of TN during experiments

The increase in humus retention of NH4* during humification was also one of the
reasons for the decrease in AN/TN (Paradelo et al., 2013). Although the percentage of
AN in TN of different livestock and poultry manures changed in the same way, at the end
of composting, the percentage of AN in TN was different compared with that at the
beginning, where R3 had the highest percentage, being 9.22. This was mainly because,
compared with R1, R2, and R3, composting using R3 as raw material was conducive to
the formation of ammonium nitrogen (Rajeshkumar et al., 2017).

Variations of TP, AP in the composting of livestock manure

Figure 4 shows the changes of TP content during the composting of different livestock
and poultry manures. The experimental results show that the TP content in the compost
heaps decreased from R2 > R3 > R1 at the initial stage of composting of livestock and
poultry manures to a value of 1.80 + 0.12, 1.64 £ 0.17, and 1.25 £ 0.15%, respectively.
As the composting reaction progressed, the percentage of TP in livestock manure compost
heaps increased which was mainly due to organic carbon, organic nitrogen, and organic
phosphorus absorption, assimilation, and decomposition by microorganisms in the
process of livestock manure composting. Demand for organic carbon by microorganisms
is higher than demand for organic nitrogen and also for organic phosphorus with a general
demand ratio of C:N:P=100:5:1 (Santos et al., 2009). After the composting, the TP
content in all three livestock manure (R1, R2, and R3) composting products increased to
a value of 25.61, 33.38, and 11.58%, respectively. During the experiments, 10% straw
was selected as an additive to adjust the water content and void ratio. A reasonable
material ratio promotes smooth progress of composting without a leachate and
phosphorus loss in the whole process. Unlike nitrogen, which easily evaporates as a gas,
phosphorus is stable which causes the smaller volatilization loss of the compost TP
content (Villasenor et al.,, 2011; Singh et al., 2013). Besides, organic matter is
decomposed and mineralized during the composting of livestock and poultry manure, and
the dry matter content in the compost heaps reduces. So, the concentration of TP per unit
mass of compost products from the three livestock manures increased.
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Figure 4. Changes of TP content during experiments

Figure 5 shows the changes of AP as a percentage of TP content during composting
of livestock and poultry manures. The results show that the fractions of AP in TP in the
three kinds of livestock manure compost heaps increased during the 30-day composting.
At the beginning of the composting (0 d), the percentage of AP in the three compost heaps
of R1, R2, and R3 was 18.31 + 1.25, 24.8 £ 1.15, and 25.33 + 2.21%, respectively. With
the progress of composting, the percentage of AP in TP gradually increased, when the
experiments finished, the percentage of AP in TP reached 24.15 = 1.97, 29.33 + 3.34,
34.33 + 1.58% and increased by 31.89, 18.26, and 35.53%, respectively.

. E=Rt
“or T7R2
BIR3

w
a
T

o

Available phosphorus/TP(%)
[ H =

=
NS
\L
RS

od 10d 20d 30d
Time/Days

Figure 5. Changes of the percentage of AP in TP during experiments

Variations of TK, AK in the composting of livestock manure

Figure 6 shows the changes of TK content during the composting of different livestock
and poultry manures. The experimental results show that the TK content in the compost
heaps decreased from R3 > R1 > R2 at the initial stage of composting of livestock and
poultry manures to a value of 1.21 £ 0.12, 1.14 £ 0.12, and 1.03 £ 0.22%, respectively.
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As the composting reaction progressed, the percentage of TK in livestock manure
compost heaps increased and reached 1.61 = 0.22, 1.72 £ 0.3, and 1.85 = 0.35%,
respectively, when the experiments finished. These increasing trends are mainly due to
assimilation and decomposition of organic carbon, organic nitrogen, and organic
phosphorus by microorganisms during the composting of livestock and poultry manure
with a lower utilization rate of potassium than that of organic carbon, nitrogen, and
phosphorus by microorganisms and basically no loss of potassium during composting.
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Figure 6. Changes of TK content during composting of livestock and poultry manure

Figure 7 shows the changes of fractions of AK in the TK content during composting
of livestock and poultry manure. The results show that the fractions of AK in TK in the
three kinds of livestock manure compost heaps increased during the 30-day composting.
At the beginning of the composting (0 day), the percentage of AK in the three compost
heaps of R1, R2, and R3 was 37.33 +£2.28,43.22 £2.89, and 44.21 £ 2.15%, respectively.
With the progress of composting, the percentage of AP in TP gradually increased, and at
the end of composting (30 days), the percentage of AP in TP reached 24.15 + 1.97,
29.33 +3.34, 34.33 £ 1.58% and increased by 31.89, 18.26, and 35.53%, respectively. As
the composting progressed, the fractions of AK in TK gradually increased and reached
49.44+2.74,58.37+2.21,and 64.25 £ 3.56% and increased by 31.89, 18.26, and 35.53%,
respectively, at the end of composting.

Changes of total nutrients in the composting of livestock manure

The total nutrient content in compost products is an important indicator of organic
fertilizer quality (Santos et al., 2009) which is generally represented by the sum of N, P,
and K elements where the element N is calculated as TN, the element P is calculated as
the P2Os content, and the element K is calculated as the K>O content. There are three
transformation forms for the conventional element N in the process of composting. The
first is that nitrogen is converted into NHz and exits the heap as exhaust gas during the
composting, resulting in the loss of nitrogen fertilizer (Wang et al., 2013). The second is
that nitrogen is used by nitrifying bacteria or nitrosating bacteria for nitrification reactions
to form NO* or NO? during the composting. The third is that nitrogen is absorbed by
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microorganisms and converted into organic nitrogen (Wei et al., 2016). There are two
transformation forms for the element P in the composting. One is that phosphorus is
converted into PHz and exits the heaps as exhaust gas during the composting, or a leachate
is produced during the composting, resulting in the loss of phosphate fertilizer. But the
loss rate is low compared to that of nitrogen (Zhang et al., 2017). The other is assimilation
of phosphorus element by microorganisms into organic phosphorus which is also the main
reason for enriched phosphorus in compost products. Transformation of K element is only
microorganism absorption and utilization in the composting, and finally it exists in
compost products. The total nutrients (N + P.Os + K20) content showed a rising trend in
the composting of livestock and poultry manure due to the assimilation absorption and
dissimilation decomposition of organic carbon, organic nitrogen, and organic phosphorus
by microorganisms. Total experiments, the degradation rate of organic carbon is higher
than that of organic nitrogen and organic phosphorus, and potassium is basically not lost.
The loss of carbon and water causes a concentration effect (Wei et al., 2012) which
increases the content of total nutrients (Liu et al., 2010). As shown in Table 2, pig manure
compost had the highest total nutrient content of 6.33%, and cow manure compost had
the lowest total nutrient content of 5.04% at the end of composting.
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Figure 7. Changes of the percentage of AK in TK during composting of livestock and poultry
manure

According to the Organic Fertilizer Industry Standard (NY525-2012) published in
2012, qualified products should meet conditions that the mass fraction of organic matter
is > 45%, the mass fraction of total nutrients (N + P20s + K20) is > 5%, the water mass
fraction is < 30%, and pH is in a range of 5.5-8.5. It can be seen from Table 2 that the
nutrients of the three compost products reached the national standard (Zhou et al., 2014).

Table 2. Total nutrient content in livestock manure compost products

Compost products TN/% TP/% TK/% (N+P205+K20)/%
R1 1.93+0.18 1.57+0.19 1.54+0.19 5.04
R2 2.2540.18 2.41+0.15 1.67+0.12 6.33
R3 2.14+0.15 1.83%0.16 1.78+0.19 5.75
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Conclusions

Based on the 30-day static aerobic composting experiment with cow manure, pig
manure, and chicken manure, we observed the variations of TN, AN, TP, AP, TK, and
AK. It was shown that at the initial stage of composting, the TN content in the heaps
decreased from R2> R3 > R1 to a value of 1.57 £ 0.11, 1.41 + 0.08, and 1.28 + 0.18%,
respectively. As the composting reaction proceeded, TN increased and reached the peak
with the highest value of 2.25 + 0.18% for R2. The fractions of AN in TN increased first
and then declined. At the end of composting (30 days), the fraction of AN in TN for R1,
R2, and R3 reached the highest percentage of 7.38, 8.11, and 9.22%, respectively. The
TP content in all three manure compost heaps (R1, R2, R3) showed an upward trend, and
the increase was 25.61, 33.38, and 11.58%, respectively. The fractions of AP in TP also
showed increasing trends during the composting. At the end of composting (30 days), the
fraction of AP in TP reached 24.15 + 1.97, 29.33 + 3.34, and 34.33 + 1.58% with an
increase of 31.89, 18.26, and 35.53%, respectively. The TK content in the compost heaps
showed an increasing trend during the composting and reached 1.61 = 0.22, 1.72 + 0.35,
and 1.85 + 0.35%, respectively, when the experiments finished. The fraction of AK in TK
for R1, R2, and R3 also showed increasing trends and reached the highest value of
49.44 +£2.74, 58.37 £ 2.21, and 64.25 £+ 3.56% with an increase of 32.44, 35.05, and
45.32%, respectively, at the end of composting (30 days).
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